Introduction {#Sec1}
============

The Ahmed glaucoma tube shunt, introduced in 1993 \[[@CR1]\], is used in the management of elevated intraocular pressure (IOP) and glaucoma \[[@CR2], [@CR3]\]. The Ahmed design incorporates a flow restrictive device, thus reducing the incidence of postoperative hypotony \[[@CR4]\] and making the Ahmed of particular utility in uveitic glaucoma \[[@CR5]\]. After Ahmed implantation, the device progresses through predictable phases, including a hypertensive phase coinciding with encapsulation and bleb formation over the Ahmed plate. This phase is generally associated with an increase in IOP to greater than 21 mmHg \[[@CR6]\]. Excessive inflammatory response after Ahmed implantation appears to be associated with higher failure rates and elevated IOP \[[@CR7], [@CR8]\]. Studies have demonstrated the importance of permeability of the capsule overlying the Ahmed plate in determining the long-term control of IOP \[[@CR9], [@CR10]\]. Anti-inflammatory agents have been shown to be associated with thinner-walled capsules and lower IOP in certain patient populations \[[@CR11], [@CR12]\]. Indeed, recent studies using long-term topical steroid tapers, as well as aqueous suppressants after Ahmed implantation appear to show a reduction in the degree of IOP elevation during the ocular hypertensive phase, as well as an improvement in the long-term IOP control \[[@CR13]\].

Given the above observations of capsule formation limiting Ahmed function and the potential benefit of anti-inflammatory agents in preventing excessive capsule formation, we hypothesized that patients with the long-term intravitreal steroid depots in the form of fluocinolone acetonide (Retisert™, Bausch + Lomb, Bridgewater, NJ, USA) implants undergoing Ahmed implantation might have superior IOP control relative to eyes receiving Ahmed implant alone. This hypothesis was further supported by a recent publication showing a trend towards lower IOP in uveitic patients who underwent combined Ahmed and Retisert implant relative to patients with primary open angle glaucoma who underwent Ahmed implant alone \[[@CR14]\].

Methods {#Sec2}
=======

Study Population {#Sec3}
----------------

After institutional review board approval from Oregon Health and Science University (OHSU), a retrospective analysis of electronic medical records from 2004 to 2015 at OHSU was conducted. Patients with an established diagnosis code of uveitis, as well as surgical billing codes corresponding to Retisert implantation prior to, or concurrent with Ahmed glaucoma tube shunt (model S2, New World Medical, Cucamonga, CA, USA) implantation were identified. The surgeries were performed by five glaucoma surgeons and three vitreoretinal surgeons during the study period. All patients had the diagnoses of uveitis and uncontrolled IOP in the eye undergoing Ahmed implantation. All patients had 6 months of follow-up with the following exceptions: one patient from the combined Ahmed and Retisert group relocated out of state 3 months after Ahmed implantation, while one patient from the Ahmed only group chose to follow up with a local provider 1 month after Ahmed implantation. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (OHSU IRB) and with the Helsinki Declaration of 1964, as revised in 2013. This article is based on previously performed procedures and does not involve any new studies of human or animal subjects performed by any of the authors.

Study Design and Outcome Measures {#Sec4}
---------------------------------

For both the groups, the data were collected immediately prior to Ahmed implantation and at the following time intervals after Ahmed implantation: 1 day, 1 week, 1 month, 3 months, and 6 months. Primary clinical outcomes included visual acuity (VA) converted to the log of the mean angle of resolution (logMAR), IOP, and the number of topical IOP-lowering medications. LogMAR values of 2.3, 2.9, 3.2, and 3.5 were assigned to counting fingers, hand motion, light perception, and no light perception visions, respectively, according to the grading scheme of the World Glaucoma Association \[[@CR15]\]. In addition, the presence of active inflammation was defined as any eye with any of the following findings within 3 months prior to Ahmed implantation: anterior chamber cell grade greater than zero, active cystoid macular edema, active leakage on fluorescein angiography, or vitreous haze grade greater than zero. The need for clinically active inflammatory control was defined as any eye requiring a new or additional inflammatory control therapy within 3 months prior to Ahmed implantation. A secondary outcome measure of surgical success was defined as IOP between 5 and 18 mmHg and greater than 20% reduction of IOP at two consecutive visits, without loss of light perception, or need for additional IOP-lowering procedures. Postoperative complications were also noted, including sustained postoperative ocular hypotension (IOP \<5 mmHg on 2 or more consecutive follow-up visits), need for additional IOP-lowering procedures, need for Ahmed implant removal, or drop in VA to light perception or worse.

Statistical Analysis {#Sec5}
--------------------

The statistical analysis was performed using the Microsoft Excel and GraphPad Prism 6 software (La Jolla, California, USA). A Student *t* test was performed to determine whether there was significant difference in measured outcomes between the two groups at baseline and at 6 month post-Ahmed surgery. The duration of surgical success was compared between the two groups using Kaplan--Meier curves and the log-rank test. A multivariate regression analysis was performed to evaluate the relationship between surgical success and multiple variables. *P* values less than 0.05 were considered statistically significant.

Results {#Sec6}
=======

Baseline Characteristics {#Sec7}
------------------------

Seventeen eyes of 13 participants were studied in the combined Ahmed and Retisert group. The comparison group included 17 eyes of 12 age-matched participants with a diagnosis of uveitis that underwent Ahmed implantation alone. Baseline patient characteristics in the Ahmed only group included a mean patient age at the time of Ahmed placement of 50.9 ± 14.4 years. Mean VA at baseline prior to Ahmed implantation was 0.55 ± 0.74 logMAR. Mean IOP at baseline was 39.9 ± 13.8 mmHg, and the mean number of IOP-lowering medications at baseline was 3.0 ± 0.7. Within 3 months prior to Ahmed surgery, 52.9% of eyes in the Ahmed only group had clinically active inflammation and 17.6% needed anti-inflammatory therapy (Table [1](#Tab1){ref-type="table"}).Table 1Baseline patient characteristicsAhmed + RetisertAhmed*p* valueAge, mean ± SD (years)49.8 ± 14.250.9 ± 14.40.98Female, %88.270.60.21Posterior uveitis diagnosis, %82.411.8\<0.01Visual acuity, mean ± SD (LogMAR)0.42 ± 0.330.55 ± 0.740.50IOP, mean ± SD (mm Hg)30.1 ± 10.839.9 ± 13.80.03\# of IOP-lowering medications, mean ± SD2.9 ± 1.13.0 ± 0.70.85Systemic immunosuppressive therapy use, %17.670.6\<0.01Active inflammation^a^, %29.452.90.17Clinically active inflammatory control^b^, %11.817.60.64Pseudophakic, %88.253.00.02*IOP* intraocular pressure, *logMAR* log of the mean angle of resolution, *SD* standard deviation^a^Active inflammation is defined as any eye with any of the following findings within 3 months prior to Ahmed implantation: anterior chamber cell grade greater than zero, active cystoid macular edema, active leakage on fluorescein angiography, or vitreous haze grade greater than zero^b^Clinically active inflammatory control is defined as any eye requiring a new or additional inflammatory control therapy within 3 months prior to Ahmed implantation

Baseline patient characteristics in the combined Ahmed and Retisert group at the time of Ahmed placement included a mean age of 49.8 ± 14.2 years. Mean VA at baseline before Ahmed placement was 0.42 ± 0.33 logMAR. Mean IOP at baseline was 30.1 ± 10.8 mmHg, and the mean number of IOP-lowering medications at baseline was 2.9 ± 1.1. Within three months prior to Ahmed surgery, 29.4% of eyes in the combined group had clinically active inflammation and 11.8% needed anti-inflammatory therapy. In the combined group, all Retisert implants were placed prior to, or concurrent with, Ahmed implantation. Three of 17 eyes (17.6%) in the combined group underwent concurrent Ahmed and Retisert implantation (on the same surgical day), while 14 of 17 eyes (82.4%) underwent Ahmed implantation at some point after the Retisert implantation surgery (Table [1](#Tab1){ref-type="table"}). The overall mean interval time between Retisert and Ahmed implantation was 1.1 ± 1.3 years.

A small portion (11.8%) of patients in the Ahmed only group received an increase in steroid medications pre-operatively compared to none in the combined group (*p* = 0.15). Some patients received additional intraoperative steroid injections beyond the routine subconjunctival dexamethasone injection (29.4% in the Ahmed only group vs. 5.9% in the combined group, *p* = 0.08). In the Ahmed only group, this included four patients who received intravenous methylprednisolone (125 mg) and one patient who received peribulbar triamcinolone (40 mg). In the combined Ahmed and Retisert group, this included one patient who received peribulbar triamcinolone (40 mg). More patients in the Ahmed only group underwent systemic steroid therapy (in the form of oral prednisone) beyond topical steroid taper after Ahmed implantation compared to the combined group (64.7% vs 0%, *p* ≤ 0.01). Of note, a significantly smaller portion of eyes in the combined Ahmed and Retisert group was on systemic immunosuppressive therapy at baseline, relative to the Ahmed only group (Table [1](#Tab1){ref-type="table"}). Three of 17 eyes (17.6%) in each group underwent concurrent cataract surgery and intraocular lens placement at the time of Ahmed implantation.

Intraocular Pressure {#Sec8}
--------------------

After Ahmed implantation, both the Ahmed only and combined Ahmed and Retisert groups had a significant reduction in mean IOP on postoperative day 1 (Fig. [1](#Fig1){ref-type="fig"}). The initial reduction in IOP immediately after Ahmed implantation was followed by a gradual increase in the IOP at the 1 month time point in both the groups, consistent with the hypertensive phase of Ahmed implants (Fig. [1](#Fig1){ref-type="fig"}). There was no statistically significant difference in IOP at any time point up to 6 months between the groups post-Ahmed implantation (Fig. [1](#Fig1){ref-type="fig"}). The final mean IOP at 6 months was 15.3 ± 4.8 and 15.1 ± 4.9 mm Hg (*p* = 0.89) in the Ahmed only and combined groups, respectively.Fig. 1Mean intraocular pressures (IOP, mmHg ± standard deviation) pre- and post- Ahmed implantation for both the Ahmed + Retisert group and Ahmed only group. From *left* to *right*, *n* = 17, 17, 17, 17, 17, 16 for the Ahmed + Retisert group and *n* = 17, 17, 17, 17, 16, 16 for the Ahmed only group, respectively. Statistically significant difference in mean IOP (*p* \< 0.05) was noted at baseline (time = 0), while no significant difference in mean IOP was noted at any time point after Ahmed implantation

Number of IOP-Lowering Medications {#Sec9}
----------------------------------

The number of IOP-lowering medications immediately after Ahmed implantation was significantly reduced in both the Ahmed only group and the combined Ahmed and Retisert group (Fig. [2](#Fig2){ref-type="fig"}). Both the groups required an increase in IOP-lowering medication at approximately 1 month post-Ahmed implant, consistent with the known ocular hypertensive phase of the Ahmed glaucoma tube shunt. This increase in the need for IOP-lowering medication at 1 month also corresponded to the increase in IOP post-Ahmed implantation at 1 month (Fig. [1](#Fig1){ref-type="fig"}). The mean number of IOP-lowering medications at 6 month post-Ahmed implantation were 1.7 ± 1.0 and 1.8 ± 1.0 (*p* = 0.86) in the Ahmed only and combined Ahmed and Retisert groups, respectively (Fig. [2](#Fig2){ref-type="fig"}). No statistically significant difference in the number of IOP-lowering medications was noted between the two groups at any time point in the follow-up period.Fig. 2Mean intraocular pressure (IOP)-lowering medications (number ± standard deviation) pre- and post-Ahmed implantation for both the Ahmed + Retisert group and the Ahmed only group. From *left* to *right*, *n* = 17, 17, 17, 17, 17, 16 for the Ahmed + Retisert group and *n* = 17, 17, 17, 17, 16, 16 for the Ahmed only group, respectively. No significant difference in the number of IOP-lowering medication was noted at any time point during follow-up

Visual Acuity {#Sec10}
-------------

Immediately after Ahmed implantation, a trend towards worsening VA was noted in both the Ahmed only and the combined Ahmed and Retisert groups (Fig. [3](#Fig3){ref-type="fig"}). However, the VA in both the groups trended towards an improvement, and reached levels similar to baseline VA prior to Ahmed implantation (Fig. [3](#Fig3){ref-type="fig"}). The VA at 6 months after Ahmed placement was 0.35 ± 0.29 logMAR in the Ahmed only group and 0.42 ± 0.33 logMAR in the combined Ahmed and Retisert group (*p* = 0.50). Both the groups had large variability in single time point analysis, as well as throughout the follow-up period (Fig. [3](#Fig3){ref-type="fig"}). No statistically significant difference in VA was noted between the two groups at any time point in the follow-up period. During the 6 month period of follow-up, worsening cataract was noted in the clinical assessment of 3 out of 8 (37.5%) and 1 out of 2 (50%) phakic eyes in the Ahmed only and combined Ahmed and Retisert groups, respectively (*p* = 0.78). At 6 month post-Ahmed implantation, 53.0% of patients in the Ahmed only group were pseudophakic relative to 88.2% in the combined Ahmed and Retisert group (*p* = 0.02), which were unchanged from baseline levels (Table [1](#Tab1){ref-type="table"}).Fig. 3Mean visual acuity (VA, log of the mean angle of resolution, logMAR ± standard deviation) pre- and post-Ahmed implantation for both the Ahmed + Retisert group and the Ahmed only group. From *left* to *right*, *n* = 17, 17, 17, 17, 17, 16 for the Ahmed + Retisert group and *n* = 17, 17, 17, 17, 16, 16 for the Ahmed only group, respectively. No significant difference in the mean VA was noted at any time point during follow-up

Systemic Immunosuppression and Active Inflammation {#Sec11}
--------------------------------------------------

Post-Ahmed implant systemic immunosuppression was required in a larger proportion of eyes in the Ahmed only group (52.9, 43.8, and 35.7% at 1, 3, and 6 months, respectively) relative to the combined Ahmed and Retisert group (11.8, 6.2, and 6.7% at 1, 3, and 6 months, respectively). This difference was statistically significant at 1 and 3 months, but not at 6 months (*p* ≤ 0.01, 0.01, and 0.06, respectively). Of those patients receiving systemic immunosuppression, some received a short (less than 1 month) postoperative oral steroid taper after Ahmed implant at a rate of 64.7% in the Ahmed only group and 0% in the combined Ahmed and Retisert group. The level of active inflammation (as defined by anterior chamber cell grade greater than zero, active cystoid macular edema, active leakage on fluorescein angiography, or vitreous haze grade greater than zero) trended towards a higher level in the Ahmed only group (23.5, 25.0, and 35% at 1, 3, and 6 months) relative to the combined Ahmed and Retisert group (23.5, 17.6, and 18.8% at 1, 3, and 6 months). However, these differences did not reach statistical significance at any time point in the study.

Surgical Success {#Sec12}
----------------

Using the Kaplan--Meier survival analysis, there appeared to be a trend towards higher surgical success in the combined Ahmed and Retisert group relative to the Ahmed only group, however, we found no statistically significant difference in the duration of surgical success between the two groups (*p* = 0.32, Fig. [4](#Fig4){ref-type="fig"}). The cumulative probability of success at 6 months was 41.2% and 35.2% for the combined Ahmed and Retisert and the Ahmed alone groups, respectively. The principal reason for failure in both groups was sustained ocular hypertension, with the largest drop in surgical success being noted around the 1 month postoperative period (Fig. [4](#Fig4){ref-type="fig"}). With multivariate regression analysis, the number of IOP-lowering medication at baseline (prior to Ahmed implantation) significantly and inversely correlates with surgical success (odds ratio 0.48, 95% CI 0.08--0.89, *p* value 0.025). Other baseline factors, including age, sex, the presence of posterior uveitis diagnosis, VA, IOP, systemic immunosuppressive therapy, active inflammation, need for clinically active inflammatory control, and pseudophakia were evaluated and were not statistically significant.Fig. 4Kaplan--Meier curves representing cumulative probability of surgical success for Ahmed implantation alone compared to Ahmed and Retisert implantation. Surgical success was defined as intraocular pressure (IOP) between 5 and 18 mmHg and greater than 20% reduction of IOP at two consecutive visits without loss of light perception, or need for an additional IOP-lowering surgical procedure. No statistically significant difference was found between the curves

Adverse Events {#Sec13}
--------------

Three of the 17 eyes (17.6%) experienced sustained ocular hypotension (IOP \<5 mm Hg on two or more consecutive visits) in the combined Ahmed and Retisert group, compared to none in the Ahmed only group (*p* = 0.08). All the three cases of hypotony were noted between the first day and first week post-Ahmed implantation, and resolved thereafter. The etiology of hypotony was recorded as decreased aqueous production in two patients and leakage from the site of the prior Retisert implant in the third patient. No other adverse events, including the need for additional IOP-lowering surgery, the requirement of Ahmed removal, and a drop of VA to light perception, were noted in either group throughout the 6 month follow-up period.

Discussion {#Sec14}
==========

While evidence exists to support the use of anti-inflammatory medications to reduce significant capsule formation and thus failure after Ahmed implant, our study did not find a significant difference in outcomes between combined Ahmed and Retisert implantation versus Ahmed implantation alone in uveitic glaucoma. Our results show no statistically significant difference between the two groups in mean IOP, mean number of IOP-lowering medications, or mean VA at 6 months. We did observe a significant difference in the two studied groups (Ahmed alone vs. combined Ahmed and Retisert) with regard to the need for systemic immunosuppression post-Ahmed implantation. This likely reflects the intended use of local steroid depot delivery to the eye with Retisert implantation in uveitis, which reduces the need for systemic immunosuppression \[[@CR16], [@CR17]\]. Of note, the level of active inflammation was not statistically different between the two groups at 1, 3, and 6 month post-Ahmed implantation. Thus, local or systemic immunosuppression in uveitic glaucoma appears to provide similar outcomes with regard to Ahmed implantation up to 6 month post implantation. The trend toward worsening VA immediately after Ahmed implant in both the groups may be related to the early and temporary postoperative changes (including but not limited to, tear film instability, corneal edema, and refractive changes).

Our results are consistent with a retrospective study by Moore et al. of uveitic patients undergoing multiple Ahmed model implantations (S2, S3, FP7, and M4) with or without Retisert implantation, which found no significant difference in the long-term IOP control between these two groups \[[@CR14]\]. However, Moore et al. found that the duration of surgical success (defined as IOP between 5 and 18 mm Hg and greater than 20% reduction of IOP at two consecutive visits without loss of light perception, or need for additional IOP-lowering surgical procedures) was significantly greater in the combined Ahmed and Retisert group when compared to Ahmed alone \[[@CR14]\]. In addition, Moore et al. noted a higher survival probability in both the Ahmed alone and the combined Ahmed and Retisert groups relative to our study at approximately 6 months \[[@CR14]\]. Given the retrospective nature of both the studies, the discrepancy may be explained by potentially different follow-up regimen schedules. As both the studies use the criteria of maintained IOP control on two *consecutive* visits, the number and frequency of follow-ups in each study patient within each institution may affect whether an ocular hypertensive phase was documented more or less frequently throughout the follow-up period. While the study by Moore et al. and our study have comparable uveitic patient numbers within each group (Ahmed only vs. combined Ahmed and Retisert), the study by Moore et al. reported longer mean follow-up time post-Ahmed implantation, while our study reports outcomes relative to an age-matched population.

Another recent retrospective study by Hennein et al. found that patients who underwent Ahmed implantation in the setting of Retisert implants had lower IOP and were using less IOP-lowering medication relative to Ahmed only controls at 1 year post-Ahmed implant \[[@CR18]\]. However, consistent with our results, the study by Hennein et al. found no statistically significant difference in IOP between the two groups at 6 months after Ahmed implantation \[[@CR18]\]. In addition, while the study by Hennein et al. included a large number of control patients with Ahmed implantation only (a ratio of three control eyes to one study eye), the control eyes were not age-matched, and only 6 out of 55 control eyes had a diagnosis of uveitic glaucoma \[[@CR18]\]. Finally, our study uniquely reports pre- and post-Ahmed implantation inflammatory control in both the combined and control populations, which is an important variable in studies involving uveitic glaucoma.

Our study suggests that the combined Ahmed and Retisert implantation is well-tolerated and no statistically significant difference in adverse outcomes between the two groups was noted, although the Ahmed and Retisert combined group did experience more sustained ocular hypotension (defined as IOP \<5 mm Hg) over the 6 month period (however, this difference did not reach statistical significance). No eyes from either group required additional IOP-lowering procedures or removal of the Ahmed implant, and no drop in VA to light perception or worse was noted. These findings agree with the low complication rates in a prior study reporting the safety of the combined Ahmed and Retisert implantation \[[@CR19]\].

IOP control at 6 months in our study is in agreement with prior reports of clinical outcomes after Ahmed implantation. In the Ahmed-Baerveldt Comparison study and Ahmed Versus Baerveldt study, mean IOP and mean number of IOP-lowering medications 6 months after Ahmed implantation alone \[[@CR20], [@CR21]\] were comparable to this study for both the Ahmed alone and the combined Ahmed and Retisert groups. In a retrospective analysis of patients undergoing concurrent Ahmed and Retisert implant, Malone et al. found that the average IOP 12 months after Ahmed and Retisert implantation was 14.6 mm Hg \[[@CR19]\]. These further support the suggestion that the addition of a Retisert implant to the Ahmed implant provides no additional benefit in IOP control versus Ahmed implantation alone in the setting of uveitis. In addition, consistent with prior reports, IOP elevation and need for additional IOP-lowering medication were noted around 1 month post-Ahmed implantation, which is consistent with the known ocular hypertensive phase of Ahmed implants.

This study, however, does have some limitations. The number of patients studied was limited, with the number of patients who underwent Retisert and Ahmed implantation as the limiting factor. Despite sampling patients over a 10 year period at a large, academic eye institute, only 17 eyes were identified in the combined Retisert and Ahmed group. In addition, while care was taken to randomly assign controls (Ahmed only) that were age-matched to the patients receiving combined Ahmed and Retisert implants, this process can introduce an inherent selection bias. Data were analyzed retrospectively, and though every effort was made to achieve accuracy, differences in methods of measurement and inter-observer variability at the time of data documentation could not be controlled. In addition, the follow-up regimen and frequency were variable due to the retrospective nature of the study. The percentage of patients with a diagnosis of posterior uveitis was higher in the combined group, which likely reflects the utility of Retisert implantation to control posterior uveitis \[[@CR22]\]. Mean IOP at baseline was higher in the Ahmed only group, relative to the combined Ahmed and Retisert group, which may be due to the ability of Retisert implant to a better control intraocular inflammation, and reduce ocular hypertensive episodes due to uncontrolled inflammation. Indeed, while baseline active inflammation was not statistically significant between the two groups, the Ahmed only group trended towards a higher baseline active inflammation prior to Ahmed implantation. While we found no significant differences in the proportions of patients with active inflammation or clinically active patients in the two groups, other unmeasured contributors to inflammation severity (such as anatomic posterior-predominant site of inflammation, which may be considered more severe than anterior and intermediate forms in some cases) may mask a potentially better outcome of Ahmed implantation in the presence of Retisert implantation.

Conclusion {#Sec15}
==========

In this retrospective review that included 34 adults with uveitic glaucoma, no significant differences in mean IOP, mean number of IOP-lowering medications, VA, surgical success, or adverse events were noted between Ahmed implantation alone or combined Ahmed and Retisert implantation at 6 months. Further studies with larger sample sizes, longer follow-up, and prospective evaluation may provide more insight into patient outcomes after Ahmed implantation with or without the presence of a Retisert implant.
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